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ABSTRACT
1,3-Butadiene is a colorless, non-corrosive gas with a mild aromatic or gaso line
like odor. Manufacturing, transporting and usage are the main sources of l,3-butadiene
pollution in the environment. 1,3-butadiene is kno wn to be a human carcinogen based on
sufficient evidence of carcinogenicity from studies in humans and animals . The primary
routes of potential human exposure to 1,3-butadiene are inhalation, ingestion, and dermal
contact.
1,3-butadiene

is

metabolized

in experimental

animals

and

human

liver

microsomes to epoxide metabolites, initially 1,2-epoxy-3-butene and subsequently
1,2:3,4-di epoxybutane, by cytochrome P450 enzymes. There are significant species
differences in the metabolism of 1,3-butad iene both in vivo and in vitro. (NIH, 1993 )
Epidemiological

and

mechanistic

data

indicate

a

casual

relationship

between

occupational exposures to 1,3-butadiene resulting in lymphatic and or hematopoietic
cancers. (" Eight Report on Carcinogens," [ROC], 1993)
In conjun ction with butadiene exposure, there has been a steady decline in male
fertility. One pressing question is whether or not l,3-butadiene contributes to this
decline? The pro state is an important part of a man's urogenital system, as the function of
this organ contributes to the proper functioning of the bladder and sexual function. The
prostate has two main functions ; one is controlling urination, and the second is to aid in
sexual acti vity. Prostate di sease and other types of reproductive disorders have been
linked to en vironmental toxins such as but adiene a man-made steroid.
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VI

The working hypothesis of this study is that part of the reproductive toxicity of
l,3-butadiene stems from induction of genes that modulate prostatic cell function . These
genes may lead to a increase in the incidence of prostate disease. Therefore the primary
aim of the experiment is to determine the ability of l,3-butadiene and its metabolites to
modulate the growth of prostate cells, and characterize the expression levels of the
butadiene responsive genes using differential display Reverse Transcriptase-Polymerase
Chain Reaction (ddRT-PCR) . In this study we learn the methodologies necessary for the
expression of prostate genes and those needed to examine cell growth.
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CHAPTER I
BACKGROUND OF THE STUDY
Introduction

1,3 Butadiene (BD)a is known to cause reproductive and or developmental
o xicity in both males and females. What is not known is the cells and tissues specific of
his compound in the male reproductive system as well as its mechanism of action. Thus,
here is a distinct need to examine the effects of BD on single cell types in order to
understand the reproducti ve carcinogenicity of the compound.

It has been proposed that the

mechanism of action of BD's induced

arcinogenicity in rodents and humans appears to stem from its metabolism binding to
DN A resulting in the production of reactive intermediates, which leads to genetic
Iterations.
Our working hypothesis is that part of the reproductive toxicity of BD stems from
d uction of genes that modulate prostatic cell function; these genes may lead to a
ec rease/increase in the incidence of prostate disease.
The overall aim of this project is to provide a snapshot of the genes involved in
cellular pathways responsible for BD and its metabolites effect in prostate, in
- ddition, this study will provide a molecular target for better understanding the
ech anism of action of male dysfunctions.
primary aims of this project is to
1. Learn how to isolate RNA for use in RT-PCR b.
J
Learn how to grow and maintain prostate cells
__ Appendix A
ee Appendix A
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3. Learn how to perform RT-PCR in order to measure gene expression
4. Determine the effects ofBD on pro state growth
5. Det ermine if BD modu lates the expression of the prostate specific gene 5-0.
reductase.

CHAPTER II
REVIEW OF LITERATURE

2.0

Chemistry of l,3-Buadiene
The compound BD (Fig. I) is a colorless, non-corrosive gas with a mild aromatic

or gasoline-like odor. When heated it emits acrid fumes. It is both explosive and
flammable, and a dangerous fire hazard when exposed to heat, flame or powerful
oxidizers. It is primarily used as a chemical intermediate and polymer component in the
manufacture of synthetic rubber. It is isolated by distillation or extraction from crude
butadiene, which is a byFIGURE

1. MOLECULAR STRUCTURE OF 1,3

BUTADIENE AND 1,2-EPOXYBUTENE

product

routes of potential human
exposure

HC~

to

SO

are

inhalation, ingestion, and

"'CH 2
BUTADIENE

ethylene

production . The primary

#CH 2
HC/'

STR UCTUR;\ L REI'RESENTA TIONS OF THE COMPOUND

of

dermal
1,3

contact.
Manufacturing,

transporting and usage are the main sources of SO pollution in the environment. The
mpound is listed as a hazardous air pollutant (NIH, 1993). The Environmental
Protection Agency (EPA) regulates SO under four different acts: the Clean Air Act
CA A), the Toxic Substances Control Act (TSCA), the Re source Conservation and
Recovery Act (RC RA) and the Superfund Amendment and Reauthorization Act (SARA)
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··TR-434 - Toxicology and carcinogenesis Studies of SO in B6C3F I Mice (inhalation
studies)" (National Institute of Health [NIH], 1993).
SO is metabolized in experimental animals and human liver microsomes to

epox ide

metabolites,

initially

1,2-epoxy-3-butene

and

subsequently

1,2 :3,4

diepoxybutane, by cytochrome P450 enzymes (e .g. Jackson et.al. , 2000). There are
significant species differences in the metabolism of SD both in vivo and in vitro. (NIH ,
1993)
BO is known to be a human carcinogen based on sufficient evidence of
arcinogenicity from studies in humans, including epidemiological and mechanistic
inform ation, which indicate a casual relationship between occupational exposure to SO
and excess mortality form lymphatic and or hematopoietic cancers. (" Eight Report on
Carcinogens," [ROC], 1993)
~ .1

Male Repr oductive Control
Male reproductive control is largely hormonal. Testosterone (Fig. II), a potent

FIGURE

II. MOLECULAR STRUCTURE OF TESTOSTERONE
OH

o~

~

STRUCTURAL REPRESENTAION IN THE COJ..,IPOUND TESTOSTERONE
(SYSTEMATIC NAME:

17ll- HYDROXYANDROST-4-EN-3-0N E)

MOLECl'LAR FORI\HJLA:

CI9HzsOz
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androgen is produced by the Leydig (interstitial) cells, which are located between the
seminiferous tubules, along with other androgens . Testosterone is needed for the
development and maintenance of the male genitalia (penis and scrotum) and the male
accessory organs (prostate, seminal vesicles, epididymis, and vas deferens) as well as for
the development of male secondary sexual characteristics. (Fox, S.L, 1996)
Other androgens LHC, FSH d, inhibin, and gonadotropin are also involved in the
control of the reproductive system. The major mechanism of action exemplifying the
hormonal reactions of the androgens as a whole would be negative feedback.
2.2

The Prostate
The prostate is an important part of a man's urogenital system (Fig. III), as proper

FIGURE

III. DIAGRAM SHOWING THE MALE UROGENITAL SYSTEM
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function of this organ contributes to the proper functioning of the bladder and sexual
function. Thi s organ is found only in the males of a species, and is located immediately
below the bladder, surrounding the urethra.
The prostate (Fig. IV) has two main functions (a) to help control urination (b) to
aid in sexual activity and therefore is denoted as an accessory sex organ.

If
FIGURE
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utadiene. It appears that male reproductive health has declined over the past several
year s. This decline is exemplified in the increased incidences of reproductive disorders
seen in boys and men, which appear to have increased with industrial development. This
. sfunction includes testicular cancer, hypospadias cryptorchidism, and decreased sperm
oun ts [14-16]. There are concerns that these reproductive disorders are somehow
oupled to the high concentrations of man- made chemicals present in the environment.
.3-butadiene appears to add to the overall burden of environmental chemicals that effect
man reproductive health.

Hwnans are exposed to 1,3-butadiene via incomplete

o mbustion of a variety of fuels forms, from wood burning in a wood-stove, cigarette
sm oke and certain cooking oils [17-19] .

Epidemiological studies revealed excessive

iea lth risks in workers who manufactured 1,3-butadiene monomer.

Also, there is a

sign ificantly increased risk for leukemia among production workers in a study of styrene
tadiene rubber workers

_.4

Prostate Cells
These are the somatic cells found within the prostate gland. They replicate by

ndergo ing the process of mitosis.
~ .5

PCRe
The polymerase chain reaction, developed in 1983 by

1'\..U. lY1U1U::> allU 1.

?aloona,

iacilitates the production of multiple DNA f copies by cloning recombinant molecules.
Th e reaction takes advantage of DNA polymerase the enzyme which catalyses DNA

: See Appendi x A
r See Appendi x A
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replication, and the availability of equipment capable of automatically synthesizing short
DNA molecules of any desired sequence. (Wolfe, S.L., 1995)
Wolfe goes on to outline the process by initially stating that the DNA sample
containing the required sequence is heated to 90°C, to unwind the template. Large
excesses of short artificially synthesized DNA chains that are complementary to the
unwound template chains, DNA polymerase, a supply of the four [A, T, C and G]g
nucleoside tri-phosphates required for replication are added to the unwound templates.
The added chains, about thirty (30) - forty (40) nucleotides in length, serve as primers for
the reaction . The mixture is cooled to 6O°C, allowing the primers to wind with the ends of
the templates. Replication the takes place, in which the DNA polymerase enzymes
assemble complimentary copies of the template chains starting from the artificial primers.
Thus completing the first cycle of the polymerase chain reaction. The action is repeated
by re-heating the mixture. Repeated heating and cooling results in the production of
numerous DNA copies in a few hours .

~

See Appendix A

CHAPTER III
MATERJALS AND METHODS

3.0

Materials and Methods

3.1

Materials
In attempting to achieve this goal, the specific line of cells being studied are the

PC-3 and LNCaP cell
lines (Table I), which

TABLE I. CHARACTERIZATION OF LNCAP CELL
LINE
Cell Line

are both prostate cancer

Homo sapiens

cell lines.

Organism

Under asceptic

Designation

LNCaP clone FGC
[LNCaP.FGC]

conditions, cells will

ATCC#

CRL-1740

firstly be cultured using

Tissue

Carcinoma" prostate,
metastatic site, left
supraclvicular lymph node

Morphology

Epithelial

Freeze Medium

Culture Medium 95% DMSO
5%

Biosafety Level

I

Shipped

Frozen

the followin g reagents Gibco Dulbecco's
Modified Eagle
Medium Cat. No.
31600-034 (DME ),
Gibco fetal bovine

THIS TABLE PROVIDES ABRIEF OUTLIN EOF THE
CHARACTERISTICS OF THE CELLS USED FOR THI S
EXPERIMENT.

serum Cat. No. 16000-044, heat inactivated (FCS), Sigma Antibiotic Antimycotic
Solution (lOOx) Cat. No. A-9909 (Abx), and
ibco Trypsin-EDTA (0.05% trypsin) Cat. No . 25300-054 (trypsin) .

II

3.2

Preparation of buffers
TIle cells will be maintained in incubators at 37°C under 5% C02 humidified air

and usually carried in 100mm tissue culture plates. The specific medium to be used will
be OMEF5A I where F5 is 5% FCS and Al is 1% Abx.
The OME media will be prepared as follows, using double-distilled distilled
water. Firstly 90% of the final volume of water will be measured out. Next, the powdered
medium will be added to the water and stirred until dissolved. The original package
should be rinsed with a small amount of water to remove all traces of the powder. The pH
of the mediwn should then be adjusted to an approximate 0.1 to 0.3 pH below the desired
pH . To this solution the serum (FCS) and antibiotics (Abx) should be added to make up
the final volume. The medium should then be filtered using the membrane filtration
system, sterilized and then dispensed into a sterile container. It should be noted that when
OME working media is required, 3.7g of sodium carbonate should be added, and the pH
adjusted to 7.1 (with a desired pH being 7.4) . 50ml (10%) FCS and 5ml Abx should be
added to this mixture, which should then be thoroughly mixed and refrigerated.
3.3

Growth and Maintenance of Cells
The cells from the cell lines being studied will be cultured onto petri plates using

the medium prepared above.
As the cell begin to multiply by mitosis, they will need to undergo a procedure
ailed passing. Here, as plates become increasingly confluent, there is a need for
separation of the cells onto different plates at the risk of having the experiment end with
multiple ' floaters' thereby nullifying the results of the experiment.
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Cells are typically passaged once weekly ideally when the plates become 70-80%
confluent). Under aseptic conditions, the cell media will be removed from the refrigerator
and placed into a 37°C water bath for 20 minutes. Next, working under a fume hood, the
media will be aspirated from the cells and 2 to 5ml of trypsin-EDTA will be introduced to
them. This step will be repeated two times to remove all traces of serum, which normally
contains trypsin inhibitors. The petri dish will then be placed into the incubator, and when
the cells are dislodged, the cell media will be added to the petri dish. The amount of
media added should be equivalent to the split ratio . (For example since 5ml of trypsin
EDT A is already present, if the split ratio is 1:3, add 10ml of trypsin-EDTA, mix well
and evenly distribute the 15ml among 3 plates). Using a sterile pipette, pipette cells up
and down about 5 times, to achieve a single-cell suspension. The cells should then be
transferred into two culture tubes and centrifuged for 15 minutes. pipette of the media
and add fresh media equivalent to the split ratio in to new plates and make up the correct
volume with fresh media . The cells should then be placed in the incubator until the cells
need to be passed again.
In addition, the cells will be fed, approximately 3-4 days after passing, and then at
3-4 day intervals. Then under aseptic conditions the media should initially be removed
from the refrigerator and then placed into a 37°C water bath for 10-20 minutes. Remove
the petri dish from the incubator and examine it for growth under the microscope. Using a
Pasteur pipette and vacuum suction, the media should be removed . Care must be taken to
avo id touching the cell surface. The required amount of fresh media, proportionate with

13

the size of the petri dish, should then be introduced to the dish. The petri dish should then
be returned to the incubator.
3.4

Cell counting and Viability Determination
Once the cell s are cultured, they will be counted and determined viable by using

the Hemocytometer. To a cell suspension in HBSS, add 20~L of 0.4% Trypan blue
solution leading to a 1:5 dilution . Allow this to stand for a few minutes. Transfer a small
amount of Trypan blue cell suspension mixture to both chambers of the hemocytometer.
(Do not overfill). Starting with chamber 1, count all the cells in a 1mm center square and
four 1mm corner squares. Take the average of the five squares. The total nwnber of cells

= Av erage number of cells in the five squares x dilution factor x 104 cells/mL
3.5

Determining the Growth Rate of Prostate Cells
After counting and viability of the cells are determined, cells will be seeded onto

two 96-well plates, with butadiene and its metabolite con centrations varying from 10-5 to
9

10-

,

in an effort to determine the effective dose in modulating the growth of the cell

line s. The experiment will be repeated for 12, 24, 48 and 72 hour periods, with the
changing of media and compound occurring every 24 hours. At the end of the treatment
periods, the cells will be harvested using trypsin, wash with phosphate-buffered saline
and the re-suspended in the medium . One half of the harvested cells will be used to
determine the tot al cell viability and the other half to determine total DNA content.
3.6

Isol ation of RNA
RN A was isolated using 0.2 rnl (200~1) of chloroform per rnl of TR being added

to the samples, which were then centrifuged at a speed of ]4000 rpm , for 15 minutes at a
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temperature of 4°C. The aqueous layer from each tube was then transferred into fresh
tubes.

After the addition of 0.5ml (500 ul) of isopropanol, samples were mixed and

stored at room temperature for 10 minutes, and centrifuged at 14000 rpm, for 8 minutes
at 4°C.

The RNA pellet was washed with 0.5ml (500 ul ) of 75% Ethyl Alcohol

(ETHOH) and centrifuged at 4°C, for 5 minutes. After drying, the pellet was dissolved in
Formazol (approximately 300 ul) and incubated at room temperature for 10 minutes. The
samples were then chilled and centrifuged for 1 minute at a speed of 14000 rpm at 4°C.
The quantitation of recovered RNA was performed in triplicate, with a dilution
factor of 10. The Beckman DU-600 was used for the analysis of the samples. Using a
UV Nis absorbancy of 260 run. Based on the results, the volume of sample for 15 f.lY of
RNA was calculated. The samples were loaded and ran on 2.5% agarose gel.
3.7

Measurement of Gene Expression using PCR and cDNA-RAD
The eDNA representational difference analysis (cDNA-RAD) procedure will

generate a relative large number of genes that need to be identified and characterized with
respect to BD regulation. This procedure is an effective and sensitive method of
determining the identity of developmental gene expression and tissue-specific gene
expression. Then polymerase chain reaction (PCR) will be used to further quantify the
DNA sequences required.

CHAPTER IV
RESULTS AND DISCUSSION
4.0

Predicted Results
Environmental contaminants are known to inhibit the LNCaP and PC-3 prostate

cancer cell lines. Modulation of these lines by BD and its metabolites implies that the
target molecules responsible for mediating effects are present in these cancer cells.
Cultures of tumor cells may not represent the true physiological situation in vivo, because
paracrine, endocrine and neuronal regulators are absent.
In attempting to identify how BD alters or modulates prostate gene expression, it
was necessary to learn how to isolate Ribonucleic acid for use in RT-PCR. This
procedure would provide the raw materials from which the DNA would be amplified.
The sample was centrifuged firstly with chloroform and then again with isopropanol. The
RNA pellet was washed with alcohol, dried, re-dissolved, and then incubated for a
minute . After being centrifuged again, the RNA was quantified .
The results of the quantification of the RNA are shown in Table 1. The experiment
was performed in triplicate at an absorbance level of 260nm. The readings obtained form
the Beckman DU-600 was used for the analysis of the samples. Based on the results, the
volume of sample for 15 I1Y of RNA was calculated. The first set of samples that were run
produced an average amount of O.146711g/111 of RNA, while the second set produced and
average of 0.12 51 ~lg /~ll. The recovered RNA was enough to utilize to run a RT-PCR.
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1. Table II QUANTIFICATION OF RIBONUCLEIC ACID (RNA) IN UNTREATED
PROSTATE CELLS

PARENT STOCK (DILUTION FACTOR (OF)
UNTREATED PROSTATE CELLS

I

2

3

4

5

6

0.1572

0.1209

0.1236

0.1160

0.0893

0.1076

0.1886

0.1457

0.1483

0.1392

0.1071

0.1291

(i)

TRIAL

= 30)

UNTREATED PROSTATE CELLS

OPTICAL
DENSITY

(00)

= ABSORPTION

AT 260nm
[NUCLEIC
ACID]

(ug/ul)

AVERAGE
[NUCLEIC
ACIDS] (~g/~I)

0.1467

0.1251

LX.
-
-

I

n

LEGEND

AMT.

1 O.D. = 40 pl/ml RNA
OF RNA = NUCLEIC ACID (ul/ml) = 0 .0.
1mill 000 ~I

X

40 ug/rnl x O.F . x

SAMPLE CALCULATION :

ID # 1: 0.1572
0.1886 f.lg/f.ll
SAMPLE

X 40

ug/rnl x 30 x 1mlll 000 f.ll = 0.1572 x 1.2 ug/ul

=
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Acquiring the techniques of growing and maintaining the cells were necessary to
conduct this study as the cells being used in the experiment needed to be in an amount
adequate for replication of the experiment to determine the accuracy of the results
obtained. The cells being used were obtained from the ATCe. The LNCap cell line
consisted of human carcinoma prostate epithelial cells (Fig. V), taken from the left
supraclavicular lymph node.

THE ABOVE PICTURE SHOWS THE LNCAP CELLS USED DURfNG THE DURATION OF
THIS EXPERIM ENT. THE Y WERE SEEDED ON

To ob serve the absorbance level of the cells present in the well s, a dye was added.
The cell s, bec ause they are alive, they metabolize the dye, and the absorbance levels can
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be read using a photospectrometer at a setting of 490nm. To determine the total amount
of cells that could be contained within the wells being used, a standard curve was plotted
(Fig VI.). From this curve it may be observed that as the number of cells increased , the
relative absorbance level also increased. There was a directly proportional relationship
between the two variables being examined up until the number of cells in each well was
approximately 800 cells/well. Aft er this the absorbance levels would plateau to a
maximum absorbance of 0.978. The results of this graph indicate that the maximum
number of cells that may be fit into a well to make accurate observations would be 800
cells/well. This curve can then be used to relate the number of cells that are present in the
wells used under treatment of varying concentrations of BD.

FIGURE

.

VI. A

STANDARD CURVE FOR DETERMINING THE GROWTH

RATE OF PROSTATE CANCER CELLS
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Because BD is a known carcinogen, it is very plausible to surmise that the number
if cells to be recorded after each count through the hemocytometer would increase as the
concentration increased. Eventually, because of the toxicity of the compound, the cell
numbers would gradually decrease.
In observing the cell count over time, while comparing the growth under different
concentrations, it would be observed that while there would be an overall increase in the
total number of cells , the increase would be greater in higher concentrations of BD .
These results can be supported by the growth curve shown in figure VII. Because of the
correlation previously established between the number of cells per well, and the relative
absorbance, the number of cells present at each concentration may also be calculated by
obtaining the absorbance readings from the figure below and plotting them on the
standard curve in figure VI.
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Figure VII. Growth Curve Showing the Relative Absorbance vs. The
Concentration of 1,3-Butadiene
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In attem pting to accomplish the main objective of the thesis, it woul d be
necessa ry to perform RT -PCR . A schematic of this procedure is sho wn in Figure VIlla .
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RT-PCR would be a necessary procedure to obtain the DNA necessary for examining the
effects of BD on the genes.

FIGURE VIllA. FLOWCHARTOF RT-PCR
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To verify the products of the PCR , an agarose gel would need to be run . The sample gel
shown in figure VIIIb, displays three lanes, where M repr esents the lane with the marker,
Ll was the lane containing 0.01 ug of 5 a-reductase, and L2 was the lane containin g 0.1
ug of 5 a-redu ctase . Once the gel was run , the marker did not show up . However the

.

111
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expected bands appeared in both lanes I and 2. There was an observed interference in
lane 2, which may have indicated that there was a contaminant present within the sample
used, or that it was a misreading of the primer.

CHAPTER V
CONCLUSION

This study provided the means to learning how to grow and maintain a cell culture
and how to isolate and quantify RNA. It was also possible to learn how to set and run
gels of collected samples. From the data collected, skills necessary for the interpretation
of the results were attained.

Proper presentation of experimentation skills and data

collected was another useful technique that was brought about by writing this paper.
The sample results proposed within this paper are all theoretical. Because of time
constriction and university obligations it was not possible to perform the study in it
entirety. The initial cells that were to be used within this experiment were not viable and
after repeated attempts to establish the cells, a newer batch was ordered. This process also
proved to be a delayed one because of other obligations by the university. Once these
cells were finally obtained by the Department of Chemistry, it took about a month to fully
establish a healthy culture of the cells. Had the study been conducted, it would have been
possible to collect actual data and interpret the meaning of the results collected.
This study is only preliminary work . It can be used as a basis for the actual
investigation of the effects of I,3-butadiene and its metabolite (monoepoxybutadiene) on
prostate cancer cells . The effects of butadiene can be examined on the growth of the
prostate specific gene 5-a-reductase in further studies.
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APPENDIX A
TERMS AND DEFINITIONS

a.

BD - 1,3-butadiene

b.

RT-PCR - Reverse Transcriptase - Polymerase Chain Reaction - Procedure
using RNA as a starting point for the replication of DNA

c.

LH - Luteinizing Hormone - Hormone secreted by the anterior pituitary
gland, which stimulates the release of testosterone by the testes.

d.

FSH  Follicle Stimulating Hormone - secreted by the anterior pituitary gland
it acts with testosterone to continuously produce sperm.

e.

DNA  Deoxyribonucleic Acid - Double helical structure that carries the
genetic material of a cell.

f.

A, T, C, G - Nucleotide bases found in DNA, A  adenine, T  thymine, C
cytosine, G - guanine.
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